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ABSTRACT
The 1.5 Seyfert galaxy NGC 3227 has been observed by several X-ray missions. We
carried out combined analysis of the data obtained by more recent major observations
of this source - two observations performed by XMM-Newton in 2000 and 2006 and six
observations performed by Suzaku in 2008.
A unified model was constructed which is consistent with all eight of the observations
by the two satellites with large intensity and spectral changes. The model consists of
a hard power law with the spectral index of ΓHard = 1.27− 1.6 which is interpreted as
the Comptonized emission from the corona above an accretion disk. In the high flux
states an additional soft excess component dominates, which is consistent with a model
with either a steeper power law with ΓSoft = 3.5 − 3.7 or the warm Comptonization
component. These emissions from the central engine are absorbed by a neutral partial
covering material and warm absorbers. A reflection component and several emission
lines are also present. We examined the relationship between the intrinsic luminosity
and the absorbers’ physical parameters such as the column density, which suggests
that the source expanded significantly during the bright states where the soft excess is
greatly enhanced.
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1. INTRODUCTION
The analysis and interpretation of NGC 3227 observations have been performed by various authors
throughout the years. Earlier X-ray observations from the Advanced Satellite for Cosmology and
Astrophysics (ASCA) taken in 1993 and 1995 and those by Ro¨ntgen Satellite (ROSAT) in 1993 gave
evidence supporting the presence of both warm and neutral absorbers (Netzer et al. 1994, Ptak et
al. 1994, Komossa & Fink 1997, George et al. 1998). In the optical range the Hα/Hβ ratio for both
broad and narrow lines shows a degree of reddening consistent with the presence of dust (Komossa
2002, Cohen 1983, Gonzalez Delgado & Perez 1997, Mundell et al. 1995, Rubin & Ford 1968, Winge
et al. 1995, Shull & van Steenburg 1985). Komossa & Fink (1997) suggested the dust was part of the
warm absorber similar to the concept of a “dusty warm absorber” of IRAS 13349+2438 presented by
Brandt, Fabian, & Pounds (1996). Kraemer et al. (2000) proposed that the warm absorber was too
highly ionized to contain the dust. These authors suggested instead the presence of a second warm
absorber at low ionization. The presence of this additional absorber was later supported by a Hubble
Space Telescope (HST)-STIS observation which detected intermediately ionized C, N, and Si in the
optical/UV band (Crenshaw et al. 2001).
More recently XMM-Newton observed NGC 3227 for 40 ks in 2000 and 108 ks in 2006. Subsequently
Suzaku observed this source six times with about a week between observations in 2008. Gondoin et
al. (2003) gave a model for the 2000 XMM-Newton observation with power law continuum emission
absorbed by a fully covering neutral absorber, a partially covering neutral absorber, and a fully
covering warm absorber. A Gaussian emission line to model the Fe Kα line and an absorption edge
around 7.6 keV for the Fe absorption edge were also added. Markowitz et al. (2009) presented a
model for the 2006 XMM-Newton observation of this source. It consists of a flatter primary hard
power law emission with neutral absorption and an additional steeper power law soft excess. Two
zones of fully covering warm absorbers were applied to both. They also included Fe Kα emission and
3an Fe absorption edge, as well as several emission lines. Noda et al. (2014) proposed a model for
the six Suzaku observations. In their model the primary continuum emission consists of two power
law components with different slopes; one steep with Γ ∼ 2.3 and another flatter with Γ ∼ 1.6 in
the 2 - 50 keV band with no soft excess. The flat power law component is more absorbed while the
steeper component is less absorbed. Among the six observations, the first is in a bright state while
the rest are in the dim state. The flatter power law component appears in both dim and bright states
while the steep power law appears and dominates in the bright state. These authors interpret this
behavior as a phase transition from a dim state to a bright state which involves a change from flatter
to steeper power law due to increased accretion rates, analogous to the stellar mass black hole case.
The models presented for the two XMM-Newton observations are somewhat different but they are
still consistent with each other, noting that the source was in significantly different states. During the
2000 XMM-Newton observation the source was in a substantially dim state and it is heavy absorbed
by dense material in the line of sight. However, during the 2006 XMM-Newton observation the source
was in a brighter phase with much less absorption.
On the other hand we note that the Markowitz et al. (2009) model for the 2006 XMM-Newton
observation and the Noda et al. (2014) model for the first of Suzaku observations, although both
cases are during a similar bright phase, are very different. For instance, in the bright state the
primary hard power law continuum for XMM-Newton (2006) by Markowitz et al. (2009) is flatter
while for Suzaku by Noda et al. (2014) it is steep. Moreover the model by Markowitz et al. (2009)
has additional soft excess while it is missing in the Noda et al. (2014) case. Two models for similar
bright states of the same source are not consistent with each other. In other words, the models
proposed for the individual observations, although they may be relevant by themselves, sometimes
are not consistent with other observations. Therefore, it will be worthwhile to carry out detailed
combined analysis of all observations, two from the XMM-Newton and six from Suzaku, to explore
a model for NGC 3227 which will be consistent with multiple observations from different missions
combined. That is the main goal of our current investigation.
4NGC 3227 is an active galactic nucleus situated at RA 10h 23m 30.58s, Dec +10d 51m 4.18s
(Anderson & Ulvestad 2005). The galaxy has a redshift of z = 0.00386 and central black hole mass
of Mbh = 4.22× 107M (Peterson et al. 2004).
Section 2 explains the data reduction, Section 3 gives timing analysis, and Section 4 is devoted to
detailed spectral analysis. Section 5 gives discussions where a unified model is constructed based on
the analysis and its comparison with other major earlier proposed models. Summary and concluding
remarks are given in Section 6.
2. OBSERVATIONS AND DATA REDUCTION
Two XMM-Newton observations were taken six years apart in 2000 and 2006. Eight Suzaku obser-
vations were taken in 2008 with about one week in between each observation. Summary of observation
start times, end times, and usable exposure times are given in Table 1 for both Suzaku and XMM-
Newton.
The range of 0.3-10 keV was used for the European Photon Imaging Camera (EPIC) pn (Stru¨der
et al. 2001) for the XMM-Newton observations. The Metal Oxide Semi-conductor (MOS) (Turner et
al. 2001) cameras were not used as this paper focuses on the pn camera. For Suzaku the 0.5-10 keV
range was used for the X-ray Imaging Spectrometer (XIS) cameras (Koyama et al. 2007) and the
15-50 keV range for the Hard X-ray Detector (HXD)-PIN. All spectra were analyzed using XSPEC
version 12.9.0i (Arnaud 1996).
All Observational Data Files (ODF) were downloaded using the w3browse HEASARC tool from the
NASA website. The observations are numbered in sequential order based on the date of observation.
Furthermore, an “X” prefix is used if observed by XMM-Newton or an “S” prefix if performed by
Suzaku (e.g., X1, S3 etc.). XMM-Newton ODF data are processed using the xmmextractor command
as included in Scientific Analysis System (SAS) version 16.0.0. Suzaku data were processed using
XSELECT version 2.4c. Non X-ray background files were taken from the HXD-PIN tuned non X-ray
background database from the NASA website. All Suzaku extraction regions were a circle of 130”
for the source and an annulus of inner radius 200” and outer radius 300” for the background. The
first XMM-Newton observation (X1) used a circular region of 40” for the source and an annulus
5of inner radius 60” and outer radius 82.46” for the background, while the second observation (X2)
used a source circle of 40” and a background annulus with inner and outer radii of 60” and 96.01”
respectively.
In order to simultaneously use the XIS and HXD-PIN data a calibration constant is needed. This
constant is obtained by using the method described in Walton et al. (2013) and the X-ray Telescope
(XRT) response given by Maeda et al. (2008). The XIS-PIN calibration constant is a multiple of the
XIS1-XIS03 calibration constant and 1.16. The XIS1-XIS03 calibration constant is found by fitting
a galactic absorbed broken power law to each Suzaku observation. The regions 1.7-2.4 keV and 4-7
keV are ignored to remove calibration uncertainties and Fe contamination respectively. A constant is
multiplied by the model. All parameters between XIS 0 & 3 and XIS 1 are tied with the exception of
the constant. After fitting, the value of the XIS 1 constant is the XIS1-XIS03 calibration constant.
Our models adopt Ho = 70, qo = 0.0, and Λo = 0.73. For the Suzaku observations the XIS 0 and XIS
3 data sets are combined as both are front illuminated. In each model all components are attenuated
with a neutral hydrogen column density of NH = 1.99× 1020cm−2 reported by the Galactic Column
Density HEASARC tool (Angelina & Sabol), with data taken from Kalberla et al. 2005. All fit
parameters are given in the source rest frame and errors are reported at the 90% confidence level
(∆χ2 = 2.7) unless otherwise stated.
Table 1. NGC 3227 Observation Summary: Start time (UTC), end time (UTC) and exposure times (ks)
are given. For the exposure times XIS and HXD-PIN of Suzaku while the pn for XMM-Newton was used.
Observation Year Start Time (UTC) End Time (UTC) XIS/pn Exposure Times (ks) HXD Exposure Times (ks)
703022010 (S1) 2008 Oct. 28 08:12:52 Oct. 29 00:34:49 58.92 48.07
703022020 (S2) 2008 Nov. 4 03:36:31 Nov. 4 18:31:01 53.7 46.74
703022030 (S3) 2008 Nov. 12 02:48:55 Nov 12. 18:31:47 56.57 46.68
703022040 (S4) 2008 Nov. 20 17:00:00 Nov. 21 10:56:08 64.57 43.43
703022050 (S5) 2008 Nov. 27 21:29:20 Nov. 28 19:33:11 79.43 37.42
703022060 (S6) 2008 Dec. 2 14:28:03 Dec. 3 04:44:04 51.41 36.91
0101040301 (X1) 2000 Nov. 28 18:15:41 Nov. 29 05:26:33 27.28
0400270101 (X2) 2006 Dec. 3 01:53:31 Dec. 4 08:09:51 89.77
63. TIMING ANALYSIS
3.1. Light Curves
To begin with we extracted the light curves of all observations. Figure 1 shows the light curves
for the Suzaku observations using all 3 XIS cameras. Figure 2 shows the XMM-Newton light curves
using the pn camera. The Suzaku light curves used 0.5-10 keV while the XMM-Newton light curves
used 0.3-10 keV. Both Suzaku and XMM-Newton light curves exhibit similar characteristics. The
variability increases with flux intensity. In the lowest flux states (S4 and X1) light curves are nearly
flat with little variability. In low but slightly brighter states (S2, S5, and S6) the fluxes show some
variability. The moderate flux state (S3) shows significant changes in count rates. Both of the highest
flux states S1 and X2 are highly variable. Furthermore the later half of S1 exhibits higher flux and
variability within the observation. The two highest states S1 and X2 may be variable enough to
perform time-resolved analysis (see a subsequent paper). Note that both XMM-Newton observations
exhibited a similar intensity of variability (∼ 30%) despite having significantly different fluxes.
3.2. Flux-Flux Plot
After extracting light curves of the data we formed flux-flux plots for the source, in order to examine
spectral characteristics of the soft and hard bands. The 0.5-2 keV range is used for the soft band
and 2-10 keV for the hard band. The vertical and horizontal axes are flux of the hard and soft bands
respectively. The flux-flux plot for Suzaku was formed by summing data from all three XIS detectors
while the flux-flux plot for XMM-Newton was created using the pn camera. The flux-flux plots are
displayed in Figures 3 and 4 for Suzaku and XMM-Newton, respectively.
The flux-flux plot for Suzaku shows two distinct branches. The left branch (dim branch) has a
steeper slope and shows the source in a low flux state. In the right branch (bright branch) the count
rates of the soft band start to show a larger increase than the hard band. The transition between
the two branches occurs between 0.6-1.8 counts s−1 for the soft band and 2.2-3.1 counts s−1 for the
hard band. The only two observations that encounter this transition are S1 and S3. With further
7Figure 1. The light curves are shown for six Suzaku observations S1 to S6. The energy range used is 0.5
to 10 keV. Since the intensity of S1 is high compared with other observations the vertical axis is expanded.
The insert corresponds to the vertical scale of other observations.
increase in intensity the source enters the bright branch which corresponds to a high flux state. This
branch has a flatter slope than the dim branch.
8Figure 2. XMM-Newton Light curves are shown for observations X1 and X2. The energy range used is 0.3
to 10 keV. We note that X1 was in a dim state while X2 was in a bright phase. The insert in the X2 plot is
the vertical scale of the X1 plot.
With only two observations XMM-Newton was unable to observe the transition phase. However, it
was able to see the source in its dim state during X1 and in its bright state during X2. The results
are consistent with the Suzaku flux-flux plots. The dim state showed a steeper slope while the bright
state had a more gradual trend.
The property and implication of these distinct two branches will be further examined and discussed
in Sections 4 and 5. Note that both of the observations that showed high temporal variability, S1
and X2, spent most or all of their time in the bright state. The slope flattening in the bright branch
suggests an excess of emission in the soft band. This soft emission is highly variable. This highly
variable soft excess emission will be examined further in a subsequent paper where the time-resolved
analysis will be applied.
4. SPECTRAL ANALYSIS
4.1. Suzaku Spectral Analysis
Spectral analysis was performed with the six Suzaku observation data observed by the three func-
tional XIS cameras as well as the HXD-PIN. The 2-10 keV range was considered first with the XIS
and a model fit of that range was made. Then the 15-50 keV HXD-PIN data was added. Once an
9Figure 3. The 2-10 keV vs 0.5-2 keV flux-flux plot is shown for all Suzaku observations S1 to S6. Since the
slope from the origin to the data point tells the hardness ratio, the brighter phase S1 has a softer spectrum
compared with other fainter phases with steeper slope.
acceptable fit for the 2-50 keV range was achieved, this model was extended down to 0.5 keV to form
our final best fit broadband model.
4.1.1. Suzaku 2-50 keV Band Analysis
The spectral fits were started with the S1 data between 2 and 10 keV and the residual of the
data from the model for S1 is plotted in Figure 5. Assumed model is the simple redshifted power
law (model “zpowerlw”) with galactic absorption (model “phabs”) to the 2-10 keV spectrum. This
showed significant residuals around 6.4 keV and below 3 keV (see Figure 5a). Note that all redshifted
model components are set to the redshift (z = 0.00386) of NGC 3227. Adding the neutral partial
covering model (“zpcfabs”) eliminated most of the residuals below 3 keV (see Figure 5b). Next
10
Figure 4. The 2-10 keV vs 0.5-2 keV flux-flux plot for two XMM-Newton observations X1 and X2.
the 6.4 keV residuals were modeled with a redshifted gaussian model (“zgauss”), assuming Fe Kα
emission, to achieve the best model in the 2-10 keV band (see Figure 5c).
Afterwards the 15-50 keV HXD-PIN data ared included with the appropriate calibration constant
(model “constant”). Since the residuals to the HXD data suggested a reflection component, an
accretion disk reflection model (model “xillver” Garcia et al. 2013) was added with inclination angle
set to 60 degrees and solar abundance (see Figure 6). In addition an Fe K edge at 7.11 keV was
added. In this way the best fit 2-50 keV model was acquired. Residuals remain above 6 keV for the
XIS cameras. However these are reduced when additional absorption is added during broad band
model formation.
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The same procedure was applied to all data from the six Suzkau observations and similar results
were obtained. The exception was the lowest flux Suzaku state (S4). This observation shows such
strong absorption below 6 keV that a single partial covering model was insufficient. This issue
is alleviated during the broad band analysis (see Section 4.1.2). Furthermore the Fe Kα line was
broader than the xillver parameters anticipated. An additional guassian at 6.4 keV fit the residual
with ∆χ2 = 30.24. The observation S5 also contained a sharp absorption residual at 7 keV. This is
well fit by a narrow guassian (∆χ2 = 32.5) and is most likely systemic as it did not appear elsewhere.
Figure 5. S1 Hard X-ray Band (2-10 keV) Spectral Fits. The ratio of the data to the model is shown. XIS 0
& 3 are the black data and XIS 1 is red. At first a simple power law was applied with the galactic absorption
(Figure 5a). Then a neutral covering was added (Figure 5b). A gaussian at 6.4 keV was introduced to
eliminate the residual due to the Fe Kα line (Figure 5c).
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Figure 6. S1 broader Hard X-ray Band (2-50 keV) Spectral Fit. The ratio of the data to the model is
shown. XIS 0 & 3 are the black data, XIS 1 is red, and HXD-PIN is green. After 15-50 keV HXD-PIN data
were added to the 2-10 keV model, a reflection model was applied to obtain the best fit 2-50 keV model.
4.1.2. Suzaku Phenomenological Broad Band 0.5-50 keV Analysis
To model the full 0.5-50 keV broad band data, the 2-50 keV band model obtained in Section 4.1.1
was extended down to 0.5 keV. On the lower energy side the residuals showed a large trench centered
near 0.9 keV consistent with warm absorption. Other work such as Komossa & Fink 1997 have also
found evidence for warm absorption. For our warm absorber we used an XSTAR table (XSTAR
v2.39 Kallman 2019). For all XSTAR tables, an α parameter was used which is equivalent to the
hard X-ray power law index. Though one fully covering warm absorber was applied to the data,
significant residuals still remained. The second warm absorber at higher ionization was added. The
parameters of the high ionization warm absorber were less constrained and only upper limits were set
for S2. Although less significant than the low ionization warm absorber, this second warm absorber
was necessary to properly model S1. Other observations did not strictly require the high ionization
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warm absorber for an acceptable fit but were improved by including it. The one exception was S4
which did not require a second warm absorber. A single warm absorber was sufficient to form an
acceptable fit and attempting to force a second warm absorber only worsened the fit.
In the brightest state (S1) this model underestimated the 0.5-2 keV range. Therefore, a power law
was added to model the extra soft emission. This soft power law is much steeper (ΓSoft = 3.62
+0.42
−0.38)
than the hard power law included in the xillver parameters. In other observations the additional soft
excess features were absent.
With the warm absorbers added there now existed positive residuals around 0.58 keV in S4 and
S6, which is consistent with an O VII line. A gaussian emission feature was introduced with energy
at 0.58 keV and narrow width (σ = 10−5) to model this. This improved the fit by ∆χ2 = 11.06 for
S4 and ∆χ2 = 17.11 for S6. Note that the O VII line was detected by XIS 1 only. This is because
XIS 1 is more sensitive to softer X-rays compared to XIS 0 & 3. All other emission lines were also
modeled with thin redshifted guassians. There also existed residuals around 0.78 keV in S3. This
is consistent with an O VIII line. Adding another gaussian at 0.775 keV modeled this emission and
improved the fit by ∆χ2 = 50.06. In S3, S4, and S5 there were residuals around 0.9 keV which is
consistent with a Ne IX line. Adding a guassian fixed at 0.922 keV improved the fit by ∆χ2 = 23.22
for S3, ∆χ2 = 13.46 for S4, and ∆χ2 = 83.67 for S5. In S4 there existed emission residuals around
1.02 keV which is consistent with a Ne X line. This was modeled with a gaussian fixed at 1.022 keV,
which improved the fit by ∆χ2 = 16.56. Ne X absorption at this energy appeared in the Reflection
Grating Spectrometer (RGS) analysis of X2 performed by Markowitz et al. 2009 (see their Section 5)
suggesting presence of this Ne species. Emission from O VII, O VIII, and Ne IX were detected during
the Turner et al. 2018 RGS analysis of this source. Markowitz et al. 2009 also detected absorption
from those same three species. Emission line energies were verified using the online atomic database
AtomDB version 3.0.9.
The 0.5 - 50 keV broad band spectral models thus obtained for observations S1 to S6 are displayed
in Figure 7. Model parameters are listed in Table 2.
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Two characteristics are apparent. The first one is that the hard photon index tends to increase
with flux (see Table 2). The second one is that the highest flux state (S1) had the lowest covering
fraction. The covering fractions of other observations were somewhat higher and similar. This issue
will be discussed further in Section 4.4.
4.2. XMM-Newton Spectral Analysis
The EPIC pn spectra of two XMM-Newton observations X1 and X2 were simultaneously analyzed
by using SAS. All parameters except normalization were tied between them. As with Suzaku both
cases included galactic hydrogen column density. In both observations initially, an acceptable model
was fitted to the 2-10 keV data, then it was extended to the band of 0.3-10 keV and modified to
achieve a good fit.
Analysis of the RGS data from XMM-Newton X2 observation has already been performed thor-
oughly by Markowitz et al. (2009) and as such we did not perform in depth spectral analysis using
this instrument. They found evidence supporting the existence of two separate warm absorbers. For
details see Markowitz et al. 2009 Section 5. The X1 observation took place during a dim state and
hence the data was not good enough for RGS analysis.
4.2.1. XMM-Newton 2-10 keV Band Analysis
First attempt for a single power law model fit to the X1 data did not provide a good fit with
residuals across the majority of the band, while the power law provided a decent fit to X2 except for
residuals around the Fe line. To keep consistancy with the Suzaku observations the power law model
was replaced with the xillver model, which includes the Fe Kα line and reflection features.
At this point X1 still had significant residuals below 4 keV and required some absorption feature.
These residuals were reduced by a partial covering model as was found in Suzaku spectral analysis.
On the other hand the X2 spectrum was reasonably well fitted with just the photo-absorbed xillver
model. Partial covering model required a covering fraction > 0.95 so a fully covering neutral absorber
model (“zphabs”) was introduced instead. Consistent with Suzkau, the high flux state has a higher
hard photon index than a low flux state.
15
Figure 7. S1 (a), S2 (b), S3 (c), S4 (d), S5 (e) and S6 (f) Spectral Fits. The ratio of the data to the model
is shown. In S1 after the 2-50 keV model is extended to 0.5-50 keV and adding the low ionization and high
ionization warm absorbers, the soft power law is applied to obtain the best fit. The warm absorbers are
added to S2. Emission lines are added to S3, S4, S5, and S6 data after the warm absorbers. An O VII line
is added to S4 and S6, an O VIII line is added to S3, a Ne IX line is added to S3, S4, and S5, and a Ne X
line is added to S4.
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4.2.2. XMM-Newton Phenomenological Broad Band 0.3-10 keV Analysis
After obtaining the 2-10 keV band best fit model it was extended to the broader 0.3-10 keV band.
For X1 the negative residuals in the soft band were consistent with the warm absorbers (Komossa
& Fink 1997). After applying the high ionization warm absorber emission residuals remained near
0.42 keV. This energy is consistent with a N VI emission line. An additional narrow gaussian fixed
at 0.42 keV provided a good fit by ∆χ2 = 61.64. There remained residuals around 0.9 keV, and thus
a 0.922 keV (Ne IX) guassian was added which improved the fit by ∆χ2 = 19.34.
For observation X2 distinct positive residuals were found below 2 keV, which suggested a second
continuum power law to model this excess soft X-ray emission as was seen for S1. Additional second
power law of index ΓSoft = 3.72
+0.09
−0.09 significantly improved the fit. Since the residuals seemed to be
consistent with warm absorption feature, two zones of warm absorber model were applied. Then most
of the residuals had dropped to an acceptable level. There remained emission residuals near 0.58
keV and absorption residuals around 0.74 keV. The 0.58 keV residual is most likely O VII emission
and was also detected by Markowitz et al. 2009. This was modeled with a guassian which improved
the fit by ∆χ2 = 62.2. The 0.74 keV absorption feature was modeled with a redshifted absorption
edge and is consistent with O VII edge absorption and possibly the Fe unresolved transition array
(UTA) (Sako et al. 2001, Makowitz et al. 2009). This is most likely part of the warm absorbers
and its inclusion improved the fit by ∆χ2 = 482.05. There remained a distinct absorption feature
just below 2 keV. This is well modeled by an absorption edge centered at 1.84 keV (Si K edge) with
∆χ2 = 23.53. This feature is identified as instrumental by Markowitz et al. 2009.
Modeled spectra are shown in Figure 8 for X1 (left panel) and for X2 (right panel). Model param-
eters are listed in Table 3.
4.3. Alternative Models for Soft Excess
Extra soft excess emission appears only during the S1 and X2 observations. In Sections 4.1.2 and
4.2.2 it was shown that a steep power law (steeper than the primary power law in the higher energy
17
Figure 8. X1 (a) and X2 (b) Spectral Fits shown as the ratio of the data to the model. In X1 after
extending the 2-10 keV model to 0.3-10 keV and adding the high ionization warm absorber, the N VI and
Ne IX emission lines are included for the best fit. In X2 after extending the 2-10 keV model to 0.3-10 keV
we added the soft power law, the low ionization and high ionization warm absorbers, the absorption edge
and the O VII emission line, which achieved the best fit.
bands) adequately explains the data. Here additional alternative possible models for this soft excess
are considered: blackbody, warm comptonization, and ionized reflection.
The redshifted blackbody (BB) model (model “zbbody”) produced an acceptable fit for S1 with
χ2/DOF = 2071.68/1850 and X2 with χ2/DOF = 1769.82/1545. Our best fits give kT = 207.34+3.05−3.00
eV for S1 and kT = 87.21+0.74−0.74 eV for X2. These values are too high as a more reasonable temperature
is closer to kT = 10 eV (see Bechtold et al. 1987, Gierlin´ski & Done 2004). We do not consider
blackbody to be a physically plausible explanation of the soft excess emission.
Next a warm Compontization model was considered (model “compST” Sunyaev & Titarchuk 1980).
In this model the soft X-ray emission is due to Comptonization of lower energy (UV or EUV) seed
photons emitted in the outer regions of the accretion disk in the warm atmospheres of the inner
regions of the disk. This model shows a reasonaly good fit for S1 with χ2/DOF = 2071.68/1850 and
an acceptable fit with χ2/DOF = 1762.28/1542 for X2. The fit parameters were τ = 22.68+2.19−1.97, kT
= 355.70+36.13−33.50 eV for S1 and τ = 17.08
+0.10
−0.10, kT = 362.60
+3.49
−4.73 eV for X2.
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Table 2. Suzaku 0.5-50 keV Model Parameters
Component Parameter S1 S2 S3 S4 S5 S6
Partial Covering NH (10
22cm−2) 1.96+0.10−0.10 11.83
+0.42
−0.41 5.98
+0.17
−0.16 16.32
+1.02
−0.96 6.27
+0.18
−0.17 9.02
+0.28
−0.27
Covering Fraction 0.39+0.01−0.01 0.74
+0.01
−0.01 0.77
+0.01
−0.01 0.63
+0.01
−0.01 0.76
+0.01
−0.01 0.85
+0.01
−0.01
Xillver a ΓHard 1.59
+0.01
−0.01 1.39
+0.01
−0.01 1.59
+0.01
−0.01 1.26
+0.01
−0.01 1.57
+0.01
−0.01 1.47
+0.01
−0.01
Log ξ 0.31+0.03−0.10 2.02
+0.02
−0.02 1.69
+0.05
−0.08 1.80
+0.08
−0.05 1.73
+0.04
−0.07 1.84
+0.12
−0.09
Reflection Fraction 0.91+0.06−0.05 1.80
+0.10
−0.10 1.31
+0.05
−0.05 2.46
+0.17
−0.17 1.36
+0.08
−0.07 1.51
+0.11
−0.10
XIS 0 & 3 Norm. (10−4) 2.20+0.01−0.01 1.25
+0.01
−0.01 1.58
+0.01
−0.01 0.72
+0.01
−0.01 1.31
+0.01
−0.01 1.01
+0.01
−0.01
XIS 1 Norm. (10−4) 2.05+0.01−0.01 1.21
+0.01
−0.01 1.33
+0.01
−0.01 0.72
+0.01
−0.01 1.27
+0.01
−0.01 0.98
+0.01
−0.01
O VII Emission Line b XIS 1 Norm. (10−4) 1.37+0.58−0.58 3.62
+1.92
−1.92 5.44
+2.14
−2.14
O VIII Emission Line XIS 0 & 3 Norm. (10−3) 2.82+0.87−0.87
XIS 1 Norm. (10−3) 2.06+0.70−0.70
Ne IX Emission Line XIS 0 & 3 Norm. (10−5) 54.41+22.29−22.29 2.73
+1.34
−1.34 42.99
+9.00
−9.00
XIS 1 Norm. (10−5) 63.26+22.81−22.81 3.50
+1.66
−1.66 37.55
+9.53
−9.53
Ne X Emission Line XIS 0 & 3 Norm. (10−5) 1.52+0.91−0.91
XIS 1 Norm. (10−5) 1.61+1.16−1.16
Fe Absorption Edge Depth 0.08+0.02−0.02
High Ion. Warm Abs. NH (10
21cm−2) 21.53+0.97−1.04 4.91
+3.69
−3.09 17.60
+0.23
−8.70 60.81
+2.29
−2.24 6.49
+1.73
1.62
Log ξ 2.33+0.02−0.02 2.39
+0.10
−0.10 2.85
+0.13
−0.13 2.16
+0.01
−0.01 2.57
+0.47
−0.09
Low Ion. Warm Abs. NH (10
21cm−2) 4.10+0.25−0.24 4.70
+0.33
−0.31 11.92
+0.33
−0.32 0.74
+0.20
−0.32 5.57
+0.27
−0.26 2.80
+0.19
−0.19
Log ξ 1.34+0.06−0.06 1.48
+0.04
−0.04 1.40
+0.02
−0.02 1.50
+0.18
−0.33 1.42
+0.03
−0.03 0.97
+0.14
−0.14
Soft Power Law ΓSoft 3.62
+0.42
−0.38
XIS 0 & 3 Norm. (10−4) 3.88+1.00−1.00
XIS 1 Norm. (10−4) 5.44+0.85−0.85
XIS-PIN Calibration Constant 1.154 1.217 1.212 1.206 1.206 1.160
χ2/dof 2038.98/1849 769.98/692 1104.55/963 592.93/498 1155.61/1032 597.26/549
aXillver and Power law normalization are photons keV −1cm−2s−1 at 1 keV.
bGaussian normalization is total photons cm−2s−1 in the line of sight.
Then a redshifted bremsstrahlung (model“zbremss”, Kellogg et al. 1975, Karzas & Latter 1961)
was applied to the data. Good fits were obtained for both observations with χ2/DOF = 2036.31/1849
for S1 and 1780.92/1545 for X2. However, the estimated electron and ion densities (∼ 1023 cm−3)
were too high. We do not consider this model further.
Finally an ionized relativistic reflection (IRR) model (model “reflionx” Ross & Fabian 2005, Ross et
al. 1999) blurred in the Laor model shape (model “kdblur” Laor 1991) was considered. An acceptable
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Table 3. XMM-Newton 0.3-10 keV Model Parameters
Component Parameter X1 X2
Partial Covering NH (10
22cm−2) 5.11+0.19−0.18
Covering Fraction 0.90+0.01−0.01
Full Covering Absorption NH (10
20cm−2) 10.08+0.19−0.20
Xillver a ΓHard 1.33
+0.01
−0.01 1.53
+0.01
−0.01
Log ξ 1.77+0.15−0.11 0.70
+0.07
−0.08
Reflection Fraction 1.86+0.17−0.18 0.70
+0.04
−0.04
pn Norm. (10−5) 6.88+0.07−0.07 18.75
+0.05
−0.05
OVII Emission Line b pn Norm. (10−4) 2.90+0.40−0.40
Absorption Edge Edge Energy (keV ) 0.84+0.01−0.01
Depth 0.17+0.01−0.01
N VI Emission Line pn Norm. (10−4) 4.06+0.77−0.77
Ne XI Emission Line pn Norm. (10−5) 9.47+3.47−3.47
High Ion. Warm Abs. NH (10
21cm−2) 3.51+1.55−1.79 32.73
+15.87
−19.03
Log ξ 2.45+0.33−0.15 2.99
+0.44
−0.12
Low Ion. Warm Abs. NH (10
21cm−2) 3.33+0.08−0.07
Log ξ 1.31+0.03−0.03
Soft X-Ray Power Law ΓSoft 3.72
+0.09
−0.09
pn Norm. (10−3) 3.10+0.02−0.02
χ2/dof 259.16/227 1747.08/1543
aXillver and Power Law normalization are photons keV −1cm−2s−1 at 1 keV.
bGaussian normalization is total photons cm−2s−1 in the line of sight.
fit for S1 was obtained with χ2/DOF = 2155.56/1881, but it was not acceptable for X2 with χ2/DOF
= 1976.26/1543.
With these results it appears that warm Comptonization is acceptable as an alternative option.
Model parameters are displayed in Table 4 for S1 and Table 5 for X2.
4.4. Luminosity and Model Parameter Relation
Once the broadband models for all of the observations were formed, analysis was carried out on how
model parameters changed with the luminosity of the source. Intrinsic luminosity was estimated using
the unabsorbed 0.5-10 keV luminosity reported by the XSPEC “lumin” command. The emission line
intensity did not show any clear correlation with luminosity.
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Table 4. S1 Alternate Model Parameters
Component Parameter BB Model CompST Model Bremss Model IRR Model
Partial Covering Absorption NH (10
22cm−2) 1.44+0.04−0.04 1.76
+0.08
−0.08 1.98
+0.10
−0.10 1.92
+0.13
−0.12
Covering Fraction 0.61+0.04−0.03 0.41
+0.01
−0.01 0.39
+0.01
−0.01 0.38
+0.01
−0.01
Xillver a ΓHard 1.58
+0.01
−0.01 1.59
+0.01
−0.01 1.59
+0.01
−0.01 1.59
+0.01
−0.01
Log ξ 0.75+0.17−0.24 < 0.37 < 0.36 0.56
+0.13
−0.18
Reflection Fraction 0.94+0.06−0.06 0.84
+0.05
−0.05 0.85
+0.05
−0.05 0.73
+0.07
−0.05
XIS 0 & 3 Norm. (10−4) 2.07+0.01−0.01 2.22
+0.01
−0.01 2.23
+0.01
−0.01 2.18
+0.01
−0.01
XIS 1 Norm. (10−4) 1.92+0.01−0.01 2.08
+0.01
−0.01 2.07
+0.01
−0.01 2.08
+0.02
−0.02
High Ion. Warm Abs. NH (10
22cm−2) 2.04+0.10−0.10 2.12
+0.10
−0.10 2.11
+0.10
−0.10 2.12
+0.13
−0.13
Log ξ 2.32+0.03−0.03 2.33
+0.02
−0.02 2.33
+0.02
−0.02 2.33
+0.02
−0.02
Low Ion. Warm Abs. NH (10
21cm−2) 5.16+0.45−0.44 3.98
+0.31
−0.29 4.16
+0.27
−0.25 3.96
+0.13
−0.13
Log ξ 1.38+0.03−0.03 1.33
+0.07
−0.06 1.30
+0.08
−0.08 1.41
+0.02
−0.02
Blackbody b kT (eV) 207.34+3.05−3.00
XIS 0 & 3 Norm. (10−4) 1.39+0.05−0.05
XIS 1 Norm. (10−4) 1.39+0.05−0.05
Comptonized Component c kT (eV) 355.70+36.13−33.50
Depth 22.68+2.19−1.97
XIS 0 & 3 Norm. (10−4) 6.51+1.02−1.02
XIS 1 Norm. (10−4) 7.99+0.92−0.92
Bremsstrahlung d kT (eV) 352.29+21.91−22.6
XIS 0 & 3 Norm. (10−3) 5.08+1.20−1.20
XIS 1 Norm. (10−3) 6.50+0.98−0.98
Reflionx ξ 48.63+2.73−5.13
XIS 0 & 3 Norm. (10−6) 1.47+0.53−0.53
XIS 1 Norm. (10−6) 1.98+0.90−0.90
χ2/dof 2071.68/1850 2063.36/1849 2063.36/1849 2155.56/1881
aXillver and Reflionx normalization are photons keV −1cm−2s−1 at 1 keV.
bBlackbody normalization is L39/[D10(1 + z)
2], L39 is luminosity in 10
39ergs s−1, D10 is distance in 10 kpc
cCompST normalization isNf/4piD2 whereN is the total number of photons, D is the distance, f = z(z+3)y2/Γ(2x+
4)/Γ(z), z is the spectral index, y is the injected photon energy in units of temperature, and Γ is the incomplete gamma
function
dBremsstrahlung normalization is 3.02 × 10−15/4piD2 ∫ nenIdV where D is the distance in cm, and ne and nI are
the electron and ion densities in cm−3
Here we would like to present some parameters which pose clear correlations with luminosity. First
a correlation with luminosity is apparent (see Figure 9) for the photon index of the primary 2-10
keV power law emission. It slowly increases with luminosity. Figures 10 and 11 display the covering
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Table 5. X2 Alternate Model Parameters
Component Parameter BB Model CompST Model Bremss Model
Full Covering Absorption NH (10
20cm−2) 7.24+0.22−0.22 10.26
+0.23
−0.32 9.01
+0.29
−0.29
Xillver a ΓHard 1.59
+0.01
−0.01 1.59
+0.01
−0.01 1.61
+0.01
−0.01
Log ξ < 0.31 < 0.29 < 0.37
Reflection Fraction 0.77+0.04−0.04 0.75
+0.03
−0.03 0.76
+0.04
−0.04
pn Norm. (10−4) 1.78+0.01−0.01 1.78
+0.01
−0.01 1.76
+0.01
−0.01
OVII Emission Line b pn Norm. (10−4) 1.29+0.29−0.29 3.37
+0.39
−0.39 2.48
+0.34
−0.34
Absorption Edge Energy (keV) 0.84+0.01−0.01
Depth 0.13+0.01−0.01
High Ion. Warm Abs. NH (10
21cm−2) 2.43+0.16−0.15 2.22
+0.35
−0.62 3.01
+0.18
−0.17
Log ξ 2.05+0.04−0.02 2.30
+0.05
−0.05 2.01
+0.01
−0.01
Low Ion. Warm Abs. NH (10
21cm−2) 2.20+0.05−0.07 2.97
+0.10
−0.09 2.23
+0.04
−0.07
Log ξ 1.33+0.02−0.02 1.33
+0.01
−0.01 1.31
+0.02
−0.02
Blackbody c kT (eV) 87.21+0.74−0.74
pn Norm (10−4) 1.82+0.02−0.02
Comptonized Component d kT (eV ) 362.60+3.49−4.73
Optical Depth 17.08+0.10−0.10
pn Norm. (10−3) 1.91+0.01−0.01
Bremsstrahlung e kT (eV) 183.09+2.23−2.22
pn Norm. (10−2) 7.32+0.06−0.06
χ2/dof 1769.82/1545 1762.28/1542 1780.92/1545
aXillver normalization is photons keV −1cm−2s−1 at 1 keV.
bGaussian normalization is total photons cm−2s−1 in the line of sight.
cBlackbody normalization is L39/[D10(1 + z)
2], L39 is luminosity in 10
39ergs s−1, D10 is distance in 10 kpc
dCompST normalization isNf/4piD2 whereN is the total number of photons, D is the distance, f = z(z+3)y2/Γ(2x+
4)/Γ(z), z is the spectral index, y is the injected photon energy in units of temperature, and Γ is the incomplete gamma
function
eBremsstrahlung normalization is 3.02 × 10−15/4piD2 ∫ nenIdV where D is the distance in cm, and ne and nI are
the electron and ion densities in cm−3
fraction and column density of the neutral absorber plotted against luminosity respectively. Note
that since the X2 observation used a fully covering neutral absorber instead of a partially covering
one that observation is absent from those two figures. In Figure 10 the covering fraction seems to be
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similar and higher among five Suzaku observations S2 - S6 in the lower flux phase, while it is very
low for S1 in the bright phase. In general, Markowitz et al. (2009) in their warm absorber analysis
report that from their velocity data the high and low ionization warm absorber clouds are located at
around the broad line region (BLR) and narrow line region (NLR). Cold absorbers are expected to
be further away. Therefore it is unlikely that the partially covering clouds have changed significantly
over the six Suzaku observation periods which were taken only within several weeks span. XMM-
Newton observations on the other hand were taken a few years apart from each other and the Suzaku
observations, which is enough time for absorption features to change. Although the XMM-Newton
observations did not need to be consistent with the Suzaku ones, the covering fraction for X1 in the
XMM-Newton dim state was similar to the Suzaku results in the lower luminosity states S2 to S6.
The column density of the Suzaku observations showed a negative correlation with the luminosity
which is shown in Figure 11. The XMM-Newton observations also showed this negative correlation.
The Suzaku trend will be discussed further in Section 5.1.
5. DISCUSSION
5.1. The Unified Model
Referring to the flux-flux plots in section 3.2 (Figures 3 and 4) the lower flux states show a steep
slope for our chosen bands while high flux states show a more gradual slope. Note that only S1 and
X2 are in the bright branch where soft excess is dominant. As the hard band (2-10 keV) increases
to about twice as high, the soft band (0.5 - 2 keV) goes up about five times as high (see Figure 3).
The best fit spectral models achieved in Sections 4.1.2 and 4.2.2 indicate that only S1 and X2 have
soft excess, which is consistent with our flux-flux analysis.
Based on these results we propose a unified model which is consistent with all eight observations
by the two satellite missions. In this model in the lower states (Suzaku S2 to S6 and XMM-Newton
X1) the intrinsic radiation directly from the central power house is the hard power law emission from
a hot corona above an accretion disk, which is the conventional Compton model for Seyfert nuclei.
This interpretation is consistent with what Yang et al. (2015) found in their studies of correlation
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Figure 9. Hard Photon Index vs Luminosity. We note a positive correlation.
between the photon index and X-ray luminosity. Their results show that the photon index increases
with luminosity when the X-ray emission comes from the corona in the disk-corona model, and
moreover that for fainter objects within this class the power law index can be as low as ∼ 1.4 - 1.7
(see their Figure 2). The source NGC 3227 is a relatively low luminosity (∼ 1042ergs s−1) Seyfert
where the photon index of the hard X-ray power law emission is rather low, around 1.27 - 1.6, and
it increases with luminosity (see our Figure 9).
This hard power law emission continues to the high states (S1 and X2). However, in these high
states the total emission is dominated by an additional strong highly variable soft excess. We identify
the location of this soft excess emission tentatively as the warm atmospheres of the accretion disk.
The data of this component is consistent with an additional steep power law with Γ ∼ 3.5-3.7.
Such power law emission in the atmosphere of the accretion disk can be produced through magnetic
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Figure 10. Neutral Partial Covering Fraction vs Luminosity. The covering fraction is nearly constant for
less bright states, while it drops significantly for the brightest S1 state.
effects, such as through microflares like in the solar magnetosphere just above the surface. As the
accretion rates and hence luminosity increase it is possible that such additional events are triggered
due, e.g., to magnetic instability, on the atmospheres just above the disk surface. Short timescales
of flux increase and variability of the soft excess may be due to the timescale of magnetic instability.
Another possibility will be warm Comptonization. The analysis carried out in Section 4.3 shows that
the warm Compton model is also consistent with the data. Using the time scale of time variability
to estimate the size of the emission region, we calculate the size as ≤ 1015cm (80Rg). In this scenario
the soft excess is caused by Comptonization of softer photons from the outer regions of the disk in
the warm atmospheres of the accretion disk closer to the center of the disk.
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Figure 11. Neutral Partial Covering Column Density vs Luminosity. The column density generally de-
creases with luminosity.
These primary continuum emissions from the central power house are absorbed by various cold and
warm materials further out in the line of sight. There is also an additional reflection component as
evidenced by the narrow Fe Kα emission. Consider the relationship between the behavior of partially
covering absorbers and luminosity found for the Suzaku observations in Subsection 4.4 (see Figures 10
and 11). The column density of the partially covering absorber generally decreased with luminosity
(see Figure 11). Furthermore S1 in a brightest state has a significantly lower covering fraction than
in the lower states (see Figure 10). The cold partially covering absorbers should be located further
away than warm ionized absorbers which were found to be located at least as far away as the BLR
while some are in the NLR, from the velocity data noted in Markowitz et al. (2009). As there
are years between the individual XMM-Newton observations and Suzaku observations, the partial
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covering absorber can be different for X1, X2, and the Suzaku observations. A timescale of years is
enough time for the clouds to drift out of line of sight. However, there is only about a week between
individual Suzaku observations, thus the same partial covering absorbers are most likely obscuring
the central emissions during the six Suzaku observations.
Therefore we offer the following explanation. The size of the emission region increases with lumi-
nosity in a similar way as described by Haba et al. (2008) for NGC 4051. In this scenario the partially
covering cloud is lumpy and moreover denser near the center above the primary emission region. Due
to this the lowest flux observation (S4) when the primary emission region is small requires both a
high covering fraction and high column density as found. As the source becomes brighter the size
of the emission region increases. The emission region is still obscured but the outer parts of it are
absorbed by a less dense portion of the outer parts of the clouds. This can still yield a relatively high
covering fraction (e.g. S3) but should yield a lower average column density (both S3 and S1) than S4.
In the highest luminosity state (S1) the outermost parts of the emission site has become so extended
that they are hardly obscured by the cloud. The part of the emission region that is still obscured is
mostly covered by the lower density outer regions of the absorber. This yields a low covering fraction
and a low column density for the absorber in S1. In this model the size of the corona where the
primary power law is emitted increases with luminosity. That is consistent with other work on the
size of the corona by, e.g. Kara et al. 2019.
5.2. Comparison With Other Work
Gondoin et al. (2003) analyzed the 2000 XMM data of NGC 3227. The spectrum above 4 keV
is well fitted by a hard power law continuum with Γ ∼ 1.5 and an absorption edge at 7.6 keV. In
addition a narrow Fe K emission line is detected at 6.4 keV. The continuum is heavily absorbed at soft
band by dense neutral gas with NH = 6.6
+0.1
−0.1 × 1022cm−2 covering ∼ 90% of the central source. The
soft continuum is also attenuated due to ionized material with NH = 8.9
+0.9
−0.9 × 1021cm−2. They also
noted variability in the continuum emission with a few ks timescale. Our analysis of this observation
(X1) agrees with their results although their warm absorber had a higher density.
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Markowitz et al. (2009) presented results of a 100 ks 2006 XMM observation of NGC 3227. Their
best-fit model to the EPIC pn spectrum consists of a moderately flat hard X-ray power law with Γ
of 1.57 absorbed by cold gas with NH = 2.9
+0.3
−0.8 × 1021 cm−2, and a strong soft excess with steep
power law with Γ of 3.35. Both were absorbed by cold gas with NH = 8.7
+0.6
−0.5 × 1020cm−2. The
hard X-ray power law was consistent with the standard disk-corona model, although these authors
commented that the power law index was rather low. These authors discussed the possible origin of
the soft excess, but did not come up with a definite model. They find the data to be consistent with
the warm Compton model also, but noted that the variability behavior of the soft excess is different
from the UV variability. In this model the UV seed photons coming from regions further away are
supposed to be comptonized in the warm atmosphere of the disk closer to the center. They also
commented on a possibility of a jet as the origin if this component is steep power law, but then they
noted that this source does not have any radio jets.
We carried out independently the analysis of multiple observations by two different missions in
the broad energy range from 0.5 to 50 keV, and found a common model which can explain all eight
oservations in various flux levels. Our unified model is consistent mostly with the model by Markowitz
et al. (2009), although there are some minor differences. For instance, our results from a rather simple
warm absorber model gave somewhat thicker high ionization absorber. As stated in Section 5.1 we
find that a rather low index value for the hard power law is acceptable. As to the nature of the soft
excess Markowitz et al. (2009) did not specify any definite physical model. Our suggestion is that the
steep power law could be some magnetic activity in the warm atmosphere above the accretion disk.
If it is warm Comptonization, our suggestion is that the seed photons could be from the extreme
ultraviolet (EUV) region closer to the center than ultraviolet (UV). This interpretation can avoid the
conflict with the possible discrepancy between soft excess and UV variability reported by Markowitz
et al. (2009).
The major focus of Markowitz et al. (2009) is the detailed analysis of absorbing material, especially
the warm absorbers, by utilizing both EPIC and RGS. They found two absorbing layers with similar
column densities of ∼ 1− 2× 1021cm−2 but with different ionization states, one at a high state with
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log ξhi = 2.93
+0.15
−0.09 erg cm s
−1 and another at a low state with log ξlo = 1.45+0.16−0.07 erg cm s
−1. The
outflow velocities are detected with 2060+240−170 km s
−1 and 420+430−190 km s
−1 for the high and low ionized
absorbers, respectively. This information gives the estimated location of the high ionization clouds
at the BLR and the NLR for the low ionization clouds.
Noda et al. (2014) studied all six of Suzaku 2008 observations of NGC 3227 in the energy range
from 2 to 50 keV. In their model the primary continuum emission in the lower luminosity states
S2 to S6 is absorbed flatter power law emissions with Γ ∼ 1.6, while the most luminous state S1 is
dominated by less absorbed steeper power law continuum with Γ ∼ 2.3 although a weaker flatter
power law still exists. In addition there is a cold reflection component which is evidenced by the
narrow Fe Kα line which appears all through the six observations. Their interpretation is that the
source undergoes a low to high state transition similar to the case of stellar mass black holes. In this
model as the accretion rate and hence luminosity increase the disk system physically changes from
an optically thin, geometrically thick ion torus to an optically thick, geometrically thin disk with a
corona at a critical accretion rate. The observations S2 to S6 in the lower states belong to the torus
system while S1 is in a high state with the disk-corona system where the torus still exists but it is
greatly diminished only to the central region. The corona emits the steep power law while the torus
is responsible for the flatter power law.
The Noda et al. (2014) model is substantially different from our unified model and also the model
presented by Markowitz et al. (2009). It could be because their analysis is confined to the 2-50 keV
ranges. For instance, their model does not explain the soft excess which is significant below 2 keV
for S1. In the high luminosity state S1 their primary hard X-ray continuum is dominated by steep
power law, while in the model by Markowitz et al. (2009) and our current unified model it consists
of one flatter power law. When their model was extended to below 2 keV it did not yield acceptable
fits to the soft band which is the major component for both S1 and X2.
6. SUMMARY AND CONCLUDING REMARKS
We carried out the time-averaged spectral analysis of the combined data for NGC 3227, from two
XMM-Newton and six Suzaku observations. A unified model was constructed which is consistent
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with all of these observations in a broad energy band from 0.5 to 50 keV. It consists of a hard power
law continuum emission covered by cold and warm absorbers and cold reflection. It comes from a
corona above an accretion disk where softer photons from the colder disk is Comptonized by hot
electrons in the corona. During the bright states an additional soft excess modeled by a steeper
power law or warm Comptonization appears. It dominates behavior below 2 keV. This component is
highly variable and its behavior is complex. Therefore, the detailed studies of its behavior, such as
its variability in luminosity and spectra, will be carried out separately in a subsequent paper where
time-resolved analysis will be applied. The property of the absorbing material, such as its column
density and covering fraction, suggests that the observed variability is due to the activity of the
source rather than the absorbers.
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